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Abstract 

The ATLAS and CMS experiments have recently announced the discovery of a Higgs-Uke reso- 
nance with mass close to 125 GeV. Overall, the data is consistent with a Standard Model (SM)-like 
Higgs boson. Such a particle may arise in the minimal supersymmetric extension of the SM with 
average stop masses of the order of the TeV scale and a sizable stop mixing parameter. In this 
article we discuss properties of the SM-like Higgs production and decay rates induced by the pos- 
sible presence of light staus and light stops. Light staus can affect the decay rate of the Higgs into 
di-photons and, in the case of sizable left-right mixing, induce an enhancement in this production 
channel up to ~ 50% of the Standard Model rate. Light stops may induce sizable modifications 
of the Higgs gluon fusion production rate and correlated modifications to the Higgs diphoton de- 
cay. Departures from SM values of the bottom-quark and tau-lepton couplings to the Higgs can 
be obtained due to Higgs mixing effects triggered by light third generation scalar superpartners. 
We describe the phenomenological implications of light staus on searches for light stops and non- 
standard Higgs bosons. Finally, we discuss the current status of the search for light staus produced 
in association with sneutrinos, in final states containing a W gauge boson and a pair of rs. 



* http://theory.fnal.gov 
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I. INTRODUCTION 



The ATLAS and CMS experiments have recently announced the discovery of a new 
bosonic resonance with mass close to 125 GeV [H The production and decay rates of 
this new particle are roughly consistent with those of the Standard Model (SM) Higgs. 
Therefore, it is natural to assume that it is indeed a Higgs boson, with similar but not 
necessarily identical properties as the SM Higgs boson. Hence, its properties should be 
precisely studied. In particular, deviations of its production and decay rates from the SM 
values may provide the first evidence of new physics at the weak scale. 

Although, current data shows no statistically significant deviation of the signal from the 
SM predictions, a small enhancement of the diphoton production rate has been observed at 
ATLAS. This enhancement is present both in the zero and one extra jet channels (dominated 
by gluon fusion Higgs production), as well as in the dijet channel (dominated by weak 
boson fusion production). The deviation of the Higgs diphoton rate with respect to the SM 
expectation is somewhat larger than 2-cr at ATLAS [TH3]. On the contrary, the CMS analysis 
of the full data set does not show a similar enhancement in the diphoton rate. Though the 
early 7 and 8 TeV data hinted towards a small excess of events above the SM prediction, the 
newest analysis suggests that the Higgs diphoton rate is somewhat suppressed but within 
1-cr of the SM expectation at CMS [14J 

The apparent deviation of the diphoton production rate from the SM predictions has 
led many authors to investigate the possibility of having an enhancement of the rate of the 
Higgs decaying to diphotons through charged particle loops p-[TO]. through the mixing of 
the Higgs with other scalar states [llj, or both jU [12]. Currently, the rate of the Higgs- 
induced ZZ and WW production channels analyzed at both experiments do not present 
any clear deviation from the SM ones. Results are within about 1-cr of the SM expectation, 
albeit with somewhat large errors [13] . A measurement of the t^t~ decay rate of the Higgs 
produced in vector boson fusion has been reported at both ATLAS and CMS, and seems 
to also be consistent with the SM values within \-a [15j. Additionally, a search for the 
associated production of the Higgs with weak gauge bosons, with the Higgs decaying into 
66, has been performed at both the Tevatron [16] and the LHC experiments [171 [IB] • Again, 
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the rates are consistent with those expected in the SM ^. 

In previous works we have discussed the possible modification of the diphoton rate via 
one- loop corrections induced by the presence of light, highly mixed stau, as well as by a 
suppression of the Higgs to bb decay rate induced at the one- loop level [U [5]. However, 
the possible modifications to the gluon fusion production rate, and to the ratio of r{h — >■ 
bb)/r{h — i- T^T~) have not been discussed in detail in this framework. 

Modification of the gluon fusion production cross section may be achieved through light 
stop loops. It is important to note that in the presence of light staus, very light stops 
(~ 100 — 200 GeV) may avoid current experimental bounds. This is because the stop 
decays may get altered, compared to the standard ones considered in current light stop LHC 
searches. In the presence of light staus and light stops, there may be relevant enhancements 
or suppressions of the total diphoton production rate, as well as large differences between 
the Higgs-induced diphoton rates in gluon fusion and vector boson fusion channels. 

The ratio of the {h — t- bb) to {h — t- r+r^) Higgs decay widths is important since a 
departure of its value from the SM one would be clear evidence for new physics (NP). 
Moreover, it would also be a clear deviation of the MSSM Higgs sector from type-II two 
Higgs doublet models (2HDMs). It is the aim of this paper to provide a detailed analysis of 
these possibilities. 

Overall, assuming no strong violation of custodial symmetry, the relevant Higgs produc- 
tion and decay rates into SM particles can be parametrized in terms of six effective couplings 
to: {VV, 77, gg, ti, t^t^ , bb}, where all these couplings may deviate from their SM val- 
ues. In addition, possible Higgs decays into invisible particles may appear, introducing an 
additional degree of freedom: the Higgs total width (see Ref. for a recent fit of the cur- 
rent Higgs data). As stressed above, in this article we shall consider the possible variations 
of the above couplings in the presence of light staus and light stops within the Minimal 
Supersymmetric Standard Model (MSSM). 

One may also consider the impact of light staus on heavy Higgs searches and the prospects 
of detecting light staus at the LHC through their associated production with sneutrinos. This 
can be analyzed by looking at {pp — )■ fiUr), with (2r + i + MET) final state, where one 
tau decays leptonically and one hadronically. This is the same final state as for the search 

^ However, evidence for Higgs decaying to bb has not been observed at ATLAS. 
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for a Higgs boson decaying into two taus and produced in association with a W boson [20] . 
We will show that indeed this Higgs search may be used to put bounds on the associated 
production, {pp — )• f^^i/^), once the LHC accumulates more statistics. 

The article is organized as follows. Sec. |TT] presents a short review of the possible effects 
induced by the presence of light staus on Higgs properties. In Sec. HI we discuss the 
possible modification of the gluon fusion rate via the existence of relatively light stops. This 
is followed by a brief discussion of the Tevatron and LHC stop mass bounds in the presence 
of light staus. Sec. IV presents a detailed discussion of possible modifications of the Higgs 
couplings to bottom quarks and tau leptons. These effects may only be obtained for values 
of the CP-even Higgs mixing angle which deviate from the ones obtained in the decoupling 
limit. This implies moderate values of the heavy Higgs masses, leading to possible strong 
bounds from LHC heavy Higgs searches. The LHC bound on rriA in the presence of light 
staus are therefore discussed. In Sec. V, we present the prospects of detecting a light stau at 
the LHC in associated production with sneutrinos. We reserve Sec. VI for our conclusions. 



II. LIGHT STAUS AND HIGGS DECAYS 



One of the simplest possibilities to modify the Higgs to diphoton rate, while leaving all 
the other Higgs rates SM-like, is the addition of new charged matter particles, with no 
color and with masses of the order of the weak scale. According to the low energy Higgs 
theorem [211 122] (see also Refs. [HI |9]), this may lead to constructive interference with the 
SM Higgs decay amplitude, if 

glogdet [M\v)] ^ ^ ^ 
d log V 

where M^(f) is the mass matrix of the new particles introduced in the loop. Within the 
MSSM such contributions may come from a light charged Higgs, light charginos, or light 
sleptons. 

The couplings of the charginos and the charged Higgs to the Higgs are dictated by weak 
gauge couplings. In addition, their contribution to the diphoton decay amplitude is sup- 
pressed for moderate to large values of tan /3, such as those necessary to obtain a 125 GeV 
Higgs mass with stops at the TeV scale. Therefore, within the MSSM, charginos lead to at 
most a correction of the order of ~ 20% to the SM Higgs diphoton decay width [6], [23], and 
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the charged Higgs contributions are even smaller [6l [71 [2l] (at the level of a few percent). 

Concerning possible slepton contributions, we first note that at moderate or large values 
of tan (3, the SM-like Higgs is associated with H^, the Higgs that couples to right-handed up- 
quarks at tree level. The coupling of Hu to sleptons is dominated by the trilinear coupling 
coming from the F-term contribution, proportional to {hrfi), where is the r- Yukawa 
coupling and /i is the Higgsino mass parameter. Therefore, a sizable coupling may only 
be obtained for relatively large values of fi and large values of tan /3, which is when the 
r- Yukawa coupling is large. Using a normalization in which the sum of the dominant W 
and top contributions to the Higgs diphoton decay amplitude in the SM is approximately 
(-13), for masses larger than or of the order of the Higgs mass, the stau contribution to this 
amplitude may be approximated by 

ologv 3 mf^mf^ 

The stau contribution, Eq. (|2]), needs to be negative and of order one to lead to a relevant 
enhancement of the diphoton rate. The rate is therefore enhanced for large values of (yutan /3) 
and small values of the stau masses. However, for small values of the stau masses and 
large values of (yutan /3), new charge breaking minima are induced and the physical vacuum 
may become metastable [25ti27] . The constraints from vacuum stability place an upper 
bound on the possible value of (/itan/3) and hence on the possible loop-induced diphoton 
rate enhancement [271 l2H]- For a given value of tan/3 this upper bound may be slightly 
relaxed after considering one-loop corrections to the r and b mass [291432] ^. This allows 
for corrections of up to about 50 % [27] for values of the lightest stau mass close to the 
LEP experimental limit of about 95 GeV [23] ^- For instance, for values of the soft breaking 
parameters of the order of the weak scale, rriL^ — m^^ ~ 250 GeV and tan/3 ~ 60, one 
can obtain enhancements of the diphoton decay width of order 40% for values of yU of order 
470 GeV, small values of Ar and large values of the CP-odd Higgs mass, m^. Somewhat 
larger enhancements may be obtained for larger values of tan/3 (~ 70), without being in 
conflict with the perturbativity of the Yukawa couplings upto the GUT scale [27] . 

^ Recently, it has been shown that the bound may also be slightly relaxed by imposing a large hierarchy 

between the two stau soft masses, rriig and rrif,^ |34| . 
^ The stau mass limit drops to values lower than 90 GeV for small values of the neutralino mass or for small 

differences between the stau and the neutralino masses. 
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In addition to the loop effects induced by light staus, the diphoton rate may be mod- 
ified by Higgs mixing effects For large values of tan/3, the loop contributions to the 
off-diagonal element of the CP-even Higgs mass matrix can efficiently compete with the 
(1/ tan/3) suppressed (but m\ enhanced) tree-level value (3^. Therefore, the lightest CP- 
even Higgs boson can have an Hu component even larger than the one obtained in the 
decoupling limit. This in turn induces a suppression of the bottom quark decay width, and 
consequently an enhancement of the subdominant decay branching ratios. In the light stau 
scenario, this can be achieved for large positive values of the trilinear coupling, A^- ~ 1 TeV. 
These effects are in general not expected to be very large since for values of tan /3 ^ 60, 
the null LHC results in searches for the heavy Higgs bosons imply that rriA > 800 GeV. In 
addition, the requirement of vacuum stability severely restricts the large values of fi and Ar 
for which these effects become relevant [27]. Therefore, in the MSSM, the effects of Higgs 
mixing cannot further sizably enhance the Higgs diphoton rate. 

These Higgs mixing effects also lead to a suppression of the Higgs decay width into pairs 
of tau leptons. At tree- level, the enhancement, or suppression, of the Higgs decay width into 
bottom or tau pairs with respect to their SM values, is the same. However, this equality 
is broken due to the loop-induced couplings of the bottom quarks and tau leptons to the 



up-type Higgs, Hu- We shall discuss these effects in detail in Section IV 



The Higgs couplings to photons, bottom quarks and tau leptons are modified in a scenario 
with light staus. However, one needs relatively large values of the CP-odd Higgs mass to 
satisfy the LHC constraints, as well as constraints from flavor physics [3S1EZ1- This in turn 
implies that the Higgs couplings to the VT-gauge boson and to the top quark remain close 
to their SM values. 

Finally, if we also impose the requirement of a dark matter particle giving rise to the 
experimentally observed relic density, we are led to the presence of a Bino like lightest 
neutralino with a mass in the 30-80 GeV range [S]. If the neutralino mass is less than mh/2, 
the Higgs can decay into a pair of lightest neutralinos. However, for large values of tan /3 
and moderate values of /i, the Higgs invisible width is suppressed, and its branching ratio 
remains of the order of a few percent in the whole region of parameters consistent with the 
diphoton rate enhancement. 
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III. GLUON FUSION AND STOP PHENOMENOLOGY 



A. Stop Effects in the Higgs Production Cross Section 

In the SM, the gluon fusion amphtude is predominantly governed by top-quark loops. In 
the MSSM, there may be relevant contributions coming from the superpartners of the third 
generation quarks [381 139] . At large values of tan/3, the modifications can come from both 
the stop and sbottom sectors. 

As happens with the staus, the most relevant coupling of the Higgs to the sbottoms 
is proportional to the sbottom mixing parameter, proportional to (yUtan/3). The sbottom 
contributions are opposite in sign to the top-quark contribution to the Higgs gluon coupling 
and lead to a reduced gluon fusion cross section. However, due to the strong bounds on 
sbottom masses from the LHC for light neutralinos (lighter than the staus) [40j and to the 
fact that (/i tan /3) is bounded from above by vacuum stability constraints, we find that 
sbottom loops lead to only minor modifications of the gluon production rate. 

The stop contributions, instead, can be of either sign, depending on the magnitude of 
the stop mixing parameter. At, relative to the stop soft masses, as we will discuss in detail 
below. The relevance of the stop contributions depends strongly on the lightest stop mass, 
becoming larger for smaller values of m^^. 

The stop masses are intimately related to the value of the Higgs mass in the MSSM [H]- 
\5T\ . For a Higgs mass of approximately 125 GeV and equal soft breaking parameters 
tuq^ ~ m^g, both stops need to be somewhat heavy, with masses above about 400 GeV [^[52]~ 
In such a case, their loop-effects on the Higgs gluon and photon effective couplings are 
small, leading to modifications of at most ~ 10 — 20 % of the corresponding Higgs production 
cross section (see for example Ref. [55] )• The Higgs mass constraint, however, can also be 
satisfied for lighter stops, provided there is a hierarchical relation between the left- and 
right-handed stop supersymmetry breaking mass parameters, ^ In both cases, 

a large stop mixing parameter. At, and a moderate to large value of tan/3 are required. 

^ We shall always assume that the left-handed stop mass parameter is larger than the right-handed one. 
This is because in the small rng^ case, light sbottoms will appear in the spectrum, which tend to be in 
conflict with current LHC searches. 
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The stop masses, for Xt — rnq^ and mq^ 3> mu^, are approximately given by 
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ml ^ ml+m^l--i-] , (3) 



m| ~ ml^ + m\ \\ + ^ j , (4) 

where Xt = {At — fJ^/ tan/3). The value of the light stop mass is then given approximately 
by m„3 and the value of heavier stop mass by ttlq.^ . For stop masses larger than the Higgs 
mass, their loop contributions to the 77 or gg amplitude are approximately proportional 
to [M] 

Hence, for values of the mixing parameter X^ > (<)(m?^ +m?^), the stops lead to a reduction 
(enhancement) of the gluon-gluon Higgs production and an enhancement (reduction) of the 
Higgs to diphoton decay width. In particular, in the presence of a large hierarchy for the soft 
masses, tjiq^ ^ mu^, and for large values of tan (3, the stop loop effects depend dominantly on 
the relative magnitude of At with respect to mq^ . Eq. (|5| provides a good parametrization 
of the stop effects, but it underestimates the stop contributions when their masses are of 
the order of or smaller than the Higgs mass. Specifically for stop masses of the order of a 
100 GeV, they are approximately 30% larger than the value suggested by Eq. ([s]). 

For reference, we note that we use a normalization in which the SM contributions to 
these amplitudes are SA'gg ~ 4 and 6A^^^ ~ —13. The stop contributions to the gluon fusion 
amplitude are approximately given by 6At^^gg, Eq. (5), while those to the 77 amplitude are 
approximately given by (8/9 6Ai^^ gg). 

Two comments are in order: 

• If the stop contribution is of the same sign as the top contribution, it adds to the gluon 
fusion amplitude; however it will then contribute to the suppression of the dominant 
W amplitude in 77, and vice versa; 

• Comparing the relative magnitudes of the SM and stop contributions, we note that 
the stop effects on the gluon fusion amplitude are approximately a factor of 3.5 larger 
than their effects on the 77 amplitude, normalized to their SM values. 



8 



(i) 



(ii) 




100 150 200 250 300 
(GeV) 




^'■foO 150 200 250 300 
(GeV) 



FIG. 1: Stop mass parameters as a function of the lightest stop mass for the four scenarios Hsted in 
Tab. |l| Cases (a) and (b) are shown in the two shaded regions bounded by dashed and dotted Unes 
respectively. Cases (c) and (d) are represented by horizontal and vertical hatching respectively. For 
each value of niu-^, values of At are such that the computed Higgs mass is in the range 122.5 GeV < 
ruh < 128.5 GeV. This range represents a 3 GeV theoretical uncertainty in the ruh computation. 
The blue contours denote larger values of At and the red contours correspond to the lower values 
of At for a fixed Higgs mass. 



TABLE I: Parameters defining the different scenarios shown in figures. 



Cases 


tan /3 


ruf, (GeV) 


rrigg (GeV) 


fi (GeV) 


"iQ3 (TeV) 


Ar (TeV) 


ruA (TeV) 


(a) Shaded dashed 


70 


95 


250 


380 


2 





2 


(b) Shaded dotted 


70 


95 


230 


320 


2 


1 


1 


(c) Horizontal hatch 


105 


95 


240 


225 


2 


1 


1 


(d) Vertical hatch 


70 


100 


300 


575 


3 


1.5 


1 



We present our numerical results using four example scenarios listed in Tab.jl], which were 
analyzed using CPsuperH [ST] . Fig. [l] shows the stop mass parameters as a function of the 
lightest stop mass: (i) m^g and (ii) the value of At/niQ^ needed to obtain the hghtest Higgs 
mass, mh — 125.5 GeV, within a 3 GeV theoretical uncertainty. Note that, for simplicity we 
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FIG. 2: (i) Higgs production via gluon fusion and (ii) its branching ratio into 77, normalized to 
the SM value, as a function of the lightest stop mass for the cases listed in Tab. |l| (iii) The 77 
rate, again normalized to the SM value, as a function of the lightest stop mass. We use the same 
conventions as described in Fig. [TJ 
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will always consider positive values of At. Fig. [2] shows the corresponding gluon fusion rate, 
the Higgs diphoton decay branching ratio and the Higgs-induced diphoton production rate 
in the gluon fusion channel as a function of the lightest stop mass. The staus are always 
kept light, and highly mixed, so even for large values of the stop masses, the BIi{h — )■ 77) 
remains enhanced. 

For a given mq.^ 3> mu,_^, there are two solutions of positive At for each Higgs mass. As 
discussed earlier, the gluon fusion rate depends on the ratio of At to uiq^ and larger values of 
At lead to smaller Higgs production rates via gluon fusion. The two solutions are shown with 
two different colored boundaries in Figs. [T] and |2} larger values of At are denoted by blue 
borders and smaller values of At by red borders (the boundaries represent rrih = 122.5 GeV). 
Since the staus give a negative contribution, proportional to (/itan/J/meg)"^, to the lightest 
CP-even Higgs mass (see, for instance, Ref. [5]) ^, the stop mass parameters necessary to 
obtain consistency with the observed Higgs mass will depend on the stau mass parameters. 
In particular, for a given value of m^g, increasing the value of (/itan/^/mgg) implies that the 
two solutions for a consistent Higgs mass are obtained for increasingly larger and smaller 
values of {At/niQ^), respectively. This leads to interesting effects in the Higgs gluon fusion 
production rate. 

In scenario (a) (dark blue shaded region in Figs, [l] and |2]), iriA = 2 TeV and hence we 
are effectively in the decoupling regime, in which the Higgs mixing effects are very small. 
As can be seen from Fig. [2| large variations of the gluon fusion production rate may be 
obtained for stop masses below 200 GeV, with the largest variations corresponding to the 
larger solution for At (blue border). This can be understood by looking at the corresponding 
ratios of (At/mQ^) shown in Fig. [l](ii). The ratio furthest away from 1 leads to the strongest 
effects. This is in complete agreement with our previous discussion of the stop effects on 
gluon fusion depending on the ratio of {At/rriQ^). The correlated variations of the branching 
ratio of the Higgs diphoton decay are also relevant in this stop mass regime. Note that in 
this case the values of (Aj/mgg) are such that gluon fusion is always suppressed leading to 
at most a 30% enhancement in the Higgs-induced diphoton production rate in gluon fusion 
processes. 

^ Strictly speaking the corrections depend on tan/^gff = tan/3/(l + A,-), where A,- is the r mass threshold 
correction to be discussed in Sec. IV. 
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In the second scenario, listed as (b) in Tab. |T] (light blue shaded region in Figs. [T]and|2]), 
rriA = At- = 1 TeV, and therefore there can be relevant effects from Higgs mixing induced by 
stau box-loops. Unlike in scenario (a), due to the smaller negative stau contributions to rrih, 
here we see that both values of At < (>) rriQ.^ are possible, leading to an enhancement (sup- 
pression) of the gluon fusion Higgs production rate. However, as for (a), the strongest effects 
are for the larger value of At. The correlated variations of the Higgs diphoton branching 
ratio are again also significant. For the lightest values of the stop masses, we see enhance- 
ments of the Higgs-induced diphoton rate in gluon fusion production of up to about 40% 
and suppressions of over 50% compared to the SM expectations. 

Scenario (c) (horizontally hatched region in Figs, [l] and [2]) breaks the requirement of 
perturbativity up to the GUT scale: tan /3 = 105 and = Ar = 1 TeV. The larger value 
of tan/3 allows for a larger (yutan/3) consistent with vacuum stability [27], as well as larger 
Higgs mixing effects (see Sec. IV), leading to a further enhancement of the Higgs diphoton 
decay branching ratio of about 20% compared to scenario (b). The gluon fusion production 
rate remains very similar to the one in scenario (b), although larger variations are observed 
consistent with the larger range of At values necessary to compensate for the negative stau 
contributions to rrih- 

In all three of the cases above (a, b and c), /x is always chosen such that the vacuum 
remains stable, which constrains the largest possible enhancement to the Higgs diphoton 
production rate to be about 50%. Further, if we demand perturbativity up to the GUT 
scale, Higgs mixing effects on the Higgs decay to diphotons are small. This is because, for 
positive values of (fiAr), |/itan/3| is forced to be small to stabilize the vacuum ®. However, 
if we assume that the vacuum may be stabilized by some unknown mechanism for larger 
values of fi and A^, we can obtain a larger diphoton enhancement for smaller values of tan 
consistent with perturbativity bounds. Such a scenario, which is presented for completeness, 
is analyzed in case (d) (vertically hatched region in Figs. [l]and[2]). We chose a larger value 
of compared to the other scenarios, in order to compensate for the larger negative stau 
contribution to the lightest CP-even Higgs mass. Even then, the required values of the 
Higgs mass may not be obtained for stop masses lighter than about 110 GeV. For this set 
of parameters the gluon fusion production rate is always smaller than in the SM, with at 

^ We will always assume that ^ is positive. 
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most a 35% suppression of this quantity. However, since now Ar > ttia together with a 
larger fi compared to the other cases, we have a sizable contribution to the 77 rate from 
Higgs mixing effects as well as from light stau loops. Therefore, as expected one sees a 
very large enhancement in the diphoton branching ratio leading to a sizable increase in the 
Higgs-induced diphoton rate in gluon fusion production, ranging from 30 to 70%. 

Note that, for the scenarios discussed above, due to the small variation of the Higgs 
coupling to vector gauge bosons, the Higgs vector boson fusion production rate will be 
approximately the same as in the SM. Therefore, the ratio of the Higgs-induced diphoton 
production rate to the SM one in this channel will be given by the corresponding ratio of 
the Higgs diphoton decay branching ratio. Figs. |2] (ii) and (iii) show striking differences 
between the diphoton branching ratio and the diphoton production rate via gluon fusion, 
normalized to their SM values. Therefore, all of these scenarios highlight that if in the future 
a discrepancy is measured between the diphoton rate from gluon fusion vs. vector boson 
fusion, it could be evidence for the existence of a very light stop. 

B. Light Stop Phenomenology 

The presence of light stops, with masses below 250 GeV, is highly restricted by present 
experimental data. However, the region of masses around the threshold of decay of stops into 
a top and a neutralino is difficult to explore experimentally and is still allowed (see, however, 
Ref. [58H6T]). For neutralino masses around m^o ~ 30-80 GeV |5l[62], consistent with the 
obtention of the proper Dark Matter density in the light stau scenario, the threshold mass is 
about 200-250 GeV. Below this threshold, if the chargino is light enough, < (m^^ —mf,), 
the decay channel (ti — ?■ x^b) could also be relevant. However, in this section we only 
consider > m^-^. Therefore, if the stop is lighter, {rriiY + nih + m^o) < m^^ < (m^ + m^o), 
it can decay through the 3-body decay channel, (ti — )■ bWxi): mediated by an off-shell 
chargino or top quark. Finally, for very light stops, m^^ < {mw + iTib + ^x\)-, the 2-body 
loop induced decay, (ti — )■ cXi), typically dominates ''. 

The presence of light staus can open up a new decay channel, {ti — t- f^Urb)- This new 

^ The 4-body decay mode, [ii — )■ j(^hlv{oY qq')), may be important for m^^ < 80 GeV in our scenario (see 
however Ref. j63j). We will not consider this case in our paper, since such small stop masses are generically 
ruled out by LEP. 
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niQ^ = 2 TeV, ota = 2 TeV, Ar=0 mg^ = 2 TeV, ota = 2 TeV, A^=0 




250 300 



FIG. 3: Stop partial widths and branching ratios for tan/3 = 70, mq^ = 2 TeV, mA_ = 2 TeV, 
Ar = Ah = 0, rriL^ = = 260 GeV and fi = 387 GeV corresponding to hghtest mf^ ~ 95 GeV. 
The gaugino masses wih always be set to Mi = 40 GeV, M2 = 300 GeV and M3 = 1200 GeV. 
For each stop mass corresponding to a given value of m^g. At is such that the Higgs mass is 
mh ~ 125 GeV. 

channel could be the dominant one whenever the 3-body decay channel, {ti — )■ Xi^~^b), is 
kinematically suppressed. In our analysis, we choose a stau mass of 95 GeV and a neutralino 
mass of 40 GeV. This would be approximately consistent with what would be required to 
obtain the proper relic density if the neutralino annihilation rate was dominated by the 
s-channel Z interchange contribution ^ |B2]- For these values of the stau and neutralino 
masses, the 3-body decay channel gets suppressed for stop masses in the range 110-140 GeV. 
In Fig. |3] we present the stop branching ratios showing the appearance of this new channel 
in the presence of light staus. The slepton parameters are chosen as in scenario (a). The 
left-handed stop mass parameter, mq.j, is fixed to 2 TeV and the values of m^g and At 
are always chosen such that the Higgs mass is rrih ~ 125 GeV. The value of the trilinear 
term. Ah, plays a relevant role in the stop decay rate into a charm and a neutralino [51] . 
Assuming a radiative generation of the stop coupling to charm and neutralino in minimal 
flavor violating models, negative values of Ab, with —mq^ < Ab < 0, tend to enhance the 
rate with respect to the Ab = case, while sizable and positive values of Ab tend to suppress 
it. We choose Ab = here as an illustrative case. 
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In the rest of this section, we recast existing stop searches into hmits for the hght stops we 
analyze in this paper. The hmits presented here are based on parton level simulations done 
with MadgraphS We stress that our analysis is simplistic, and can by no means replace 
a full collider study. Nevertheless, it is interesting to highlight the prospects of probing these 
light stops at the LHC, since they are able to significantly alter the Higgs phenomenology 
while being consistent with the measured Higgs mass. 

1. Let us first consider a scenario with a very light stop, m^-^ < 120 GeV. The main decay 
mode is given by (ti — )■ Xic)- The most stringent bound on this channel comes from a 
CDF analysis [66j based on 2.6 fb~^ of data. For neutralino masses of around 40 GeV, 
assuming BR(ti — )■ x^c) = 100%, the range m^^ < 124 GeV is excluded. This bound 
is slightly weakened in our model, since in a narrow mass range around m^-^ ~ 120 
GeV, the decay mode {t — )■ furb) is competing with {t — )■ Xic). However stops below 
~ (115 — 120) GeV are still excluded by the CDF (xi c) search. Additionally, it has 
been shown [HH] that ATLAS and CMS monojet, jets+MET, Razor, and Mt2 analyses, 
based on ~ 5 fb"^ 7 TeV data, give constraints on the parameter space for m^^ < 120 
GeV that are comparable to those coming from the Tevatron (xic) search. 

2. Next, we consider the mass range 120 GeV < m^-^ < 160 GeV. In this interval the decay 
(t —7- f^UT-b) is kinematically open. There is no specific stop experimental search in 
this decay mode. In Ref. |69] it has been shown that, if the stau and the LSP are 
nearly degenerate in mass, the r lepton from the stau decay would be soft and difficult 
to identify. In this case, important bounds may come from (6-jets+MET) searches. 

In our scenario, the splitting between the LSP and the stau is sizable. Hence these 
bounds should not be applied. However, the final state, {rb + MET), is the same as 
for the top decay mode (t — ?■ bW — ?■ brvT-). Moreover, due to the fact that in this 
region of parameter space the stop mass is close to the top mass, the kinematics would 
be similar as well. Therefore, the measurement of the ti production cross section can 
set limits on this channel. 

• We first analyze the case in which both stops decay into (fj^fez/,-), each leading 
to a {rb + MET) final state. The measurement of the SM tt production cross 
section in the (r + jets) mode [70]47i] {pp — )■ tt with t — )■ Wb and one W decaying 
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leptonically and the other hadronically) , does not give important constraints on 
our scenario since these analyses typically require too many (4-5) final state hard 
jets. Additionally, there are measurements in the ^^+ (at least) two jets mode [75V 
177] ■ These searches, would affect our scenario if both r's decay leptonically. 
However, we have checked that so far these searches do not give an important limit 
on our scenario, since the stop signal rate in this channel is very small. On the 
other hand, there are dedicated searches where the Ws from the ti decay produce 
one tagged hadronic tau and one additional lepton [7H1 EH] . These searches give 
us much stronger limits. 

We performed a simple parton level recast of the latter ATLAS and CMS ti 
cross section measurements. In the (120-160) GeV mass range, the number of 
events we obtain is of the order of the 1-a error on the expected background. 
Therefore, since the measurement is in good agreement with the SM prediction, 
if BR(ti — 7- f^Vrb) = 100%, the current experimental limit would already be 
probing a light stop in almost the entire mass range (120-160) GeV at the 1 or 
2-0" level. However, from Fig. [sj we see that BR(ti — > fiUrb) is typically less 
than ~ 70%. Therefore, the ti cross section measurement in the (r -|- i) channel 
is still not probing the stop mass range (120 — 160) GeV ^. 

• Let us now consider the case in which one stop decays to (f^buT-) and the other one 
to {Wbxi)- This case is particularly relevant for stop masses of about 135 GeV 
where BR{i Wbxi) ~ BR(t f^Vrb). We checked that the ti production 
cross section measurements in the ij+tj mode [781 [79] ci-nd the {t+ jets) mode [71] 
give similar constraints in this region of stop masses. Comparing this case to when 
both stops decay to (fj^fez/^), we note that this decay mode has a slightly larger 
signal to background ratio. Therefore, light stops with masses at around 135 GeV 
will be first tested by ti production cross section measurements in the (r -|- tj and 
{t+ jets) modes. 

3. Finally, for stops in the mass range 150 GeV < m^^ < 210 GeV, the dominant decay 
mode is (ti — )■ Wb^^). No experimental search has been performed for this 3-body 

Note however, that the region of stop masses corresponding to the maximum of the branching ratio 
BR(ii — > f^VT-b), mi_^ ^ 130 GeV, is very close to being probed in this channel. 
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decay. However, several theoretical papers, in the framework of stops NLSP, re-analyze 
some of the existing Tevatron and LHC analyses to put bounds on this stop decay [U7t 

EHlEn]. 

Additionally, constraints can come from recasting searches for stops decaying through 
the 2-body decay channel: (t bx+ bW+xl), both from ATLAS [STHS2] and CMS 
[M] . by considering off-shell charginos. However, in general the signal acceptance 
will be rather low. This is because, in comparison with the scenarios considered by 
the LHC searches, our case predicts different kinematics for the final state particles. 
Since both ATLAS and CMS searches assume stop decays into an on-shell chargino, 
they mainly focus on a region of parameter space where ~ '^x?) ^ ""^ly- The 

chargino then decays into the LSP and an off-shell W boson. On the other hand, 
in our model the decay (ti Wbxi) proceeds through a 3-body decay mediated by 
an off-shell chargino or a top quark. The W boson is on-shell in this region of stop 
masses. Therefore, the leptons produced from the decay of such an on-shell W are in 
general more energetic. Additionally the missing energy will be smaller in the case of 
a 3-body decay. 

Recent phenomenological analyses suggest [HSl EH] that the most constraining searches 
are not from dedicated stop searches, but from using LHC analyses with 6-jet final 
states and in particular the CMS 6-jet, Razor, MT2 analyses. Such searches could 
place strong limits on this scenario in the entire mass range, unless BR(t — > Wbxi) is 
significantly suppressed. Stops with masses larger than ~ 140 GeV are therefore ruled 
out. 

To summarize, due to the new decay mode, {i — )• f^UT-b), light stops could evade the 
current experimental bounds in a narrow mass window, 120 GeV < m^^ < 140 GeV. At the 
same time, current SM measurements of the ti production in r final states are already very 
close to directly probing this region of parameter space. A dedicated search could therefore 
explore this possibly interesting light stop signal. 
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IV. BOTTOM AND TAU HIGGS DECAYS 



A. Higgs Mixing Effects and the Bottom and Tau Higgs Branching Ratios 

In the supersymmetric limit, the bottom quark and the tau lepton couple only to the 
down-type Higgs, Hd-, with couplings hb^r-, respectively. After supersymmetry breaking, both 
fermions also couple to the up-type Higgs, Hu, via loop-induced couplings, Ahb^r- Hence, 
the couplings of these fermions to the lightest CP-even Higgs are given by 



ghbb,hTT = -hb,T sin a + A/i^^^ cos a, (6) 

where a is the CP-even Higgs mixing angle and (-sin a) and cos a are the projections on h 
from the real neutral components of Hd and respectively. The h and r masses are given 
by [29H32] 

rrib^T = h,TVd ^1 + tan (3 ^-^^ , 

= h,rVd (1 + Ab,r) . (7) 

Hence, 

_ mh,r sin a f _ (s\ 
hbb,hTT V COS I3{1 + Ah^^) \ tan /3 tan a / 

Close to the decoupling limit, which is when the CP-odd Higgs mass is very large, and at 

large values of tan /3, sin a is close to (— cos /3) and cos a ~ sin /3 ~ 1. The ratio (sin a/ cos /3) 

is then (tan a tan to a very good approximation, and the couplings can be written as: 

sin a/ cos (3\ — 1 



9hbb,hTT- ~ 



1 + 



(9) 



1 + Ab.r 

Note that when (sin a — )■ —cos/?), the above expression reproduces the SM values. We 
can also see that the suppression or enhancement of the couplings with respect to the 
SM will depend on whether |sina/ cos/3| is greater than or less than 1. On the other 
hand, independent of the value of | sin a/ cos we see that larger deviations from the SM 
couplings are given by smaller values for (1 -|- A;,,-). This implies that positive (negative) 
values of Ab^r would lead to values closer to (further away from) the SM. As we have shown 
in Ref. [27], positive (negative) values of A;, (A^) are obtained in our scenario for positive 
values of /x and the gauging masses. Therefore, in this case we expect that gubb will be closer 
to the SM value than gh^-T- for the same set of parameters. 
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As regards to the ratio of the couphngs, since ^ A^, this is no longer given by 
{mb/rriT-), as at tree level, but rather by 

ghbb _ mbjl + A^) (1 - Ab/ (tan /3 tan a)) 
QhTT + Afe) (1 — A^/(tan/3tana)) 

If we assume that the loop effects are small, and that the couplings admit an expansion on 
A;, and A^, the ratio of the couplings, normalized to their SM values, can be approximated 

by 

Qhbb 



~ 1 - (A, - A, 

9hTT J SM 





cos/3 




sin a 



(11) 



We see that the ratio with respect to the SM will also be governed by the value of 
I sin a/ cos/3|. However, comparing Eqs. (|9]) and (11), we see that when (A^ — A^) > 



and I sin a/ cos/3| < (>)1, the couplings themselves are suppressed (enhanced) compared to 
the SM, but the ratio of the couplings, is in fact enhanced (suppressed). 

For moderate values of vha and sizable positive values of A^, |sina/cos/3| < 1 and 
therefore there could be a sizable suppression of the coupling gh^-T and a moderate suppression 
of ghbb- If the dominant decay width, V{h — > 66), is suppressed, not only the Higgs to 
diphoton rate, but also the Higgs vector boson decay branching ratios are enhanced. This 
in turn implies that, in the presence of light stops, the rate i^gg h ^ VV) can become 
approximately standard, due to a compensation of the suppression of the gluon fusion rate 
with the enhancement of the BR(/i — )■ VV). 

Fig. |4] shows the decay branching ratios for 66, r+r^ and W^W~ normalized to the SM, 
for scenarios (b), c) and (d) presented in Tab. [ij As expected from the discussion above, the 
variations are more significant in the {h t^t^) case and increase for smaller ratios of 
to A-r (compare scenarios (b) and (d)). While BR(/i bb) remains within 10% of the SM 
value, BR(/i — > r+r^) can vary by up to almost 20 % of the SM value. 

The variations in BIi{h — )■ VT+W^") are mostly induced by changes in the dominant 
decay width, r(/i — )■ 66). However, contrary to expectations, for case (b) one observes an 
enhancement for both the WW and 66 branching ratios together. In cases (c) and (d), even 
when one observes a correlation between the suppression of 66 and the enhancement of WW, 
we note that larger suppression in 66 does not lead to a larger enhancement in WW. This 
is due to the fact that even though the largest partial width is F^j, the variation in the 
partial widths of the Higgs decay into taus and gluons play a relevant role in determining 
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FIG. 4: Higgs decay branching ratios into bb, t^t and W^W as a function of the hghtest stop 
mass for scenarios (b), (c) and (d) presented in Tab.[l| The Hnes, colors and hatching is as described 
in Fig. [l] and Tab.|I| 



the total width in this region of parameter space. There is a larger variation of the decrease 
in the partial width for the Higgs decay into gluons and taus for the larger values of At (blue 
border), with very strong suppressions of the decay into gluons for the smallest stop masses. 
This leads to a relevant decrease of the total width (and consequently an increase in BR(/i — )■ 
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W^W~)), beyond the behavior expected from just the variation in the branching ratio into 
bb. For the smaller values of At (red lines) we have the opposite effect on the total width, 
since now the partial widths of the Higgs decay into gluons are larger. However, here the 
enhancements in the Higgs gluon decay width are smaller than the suppressions seen for 
the larger values of At. Therefore, there exists an anti-correlation between the total width 
with At in this region of parameters, with larger value of At leading to smaller total widths 
and vice versa. However, note also that generically, the lower value of At corresponds to a 
smaller variation in the effects on the total width as a function of the stop mass. Therefore, 
since the partial width of the Higgs decay into WW remains approximately SM like, we see 
that the WW decay branching ratio exhibits both larger enhancements and larger variations 
for the larger values of At. 

B. Heavy Higgs Phenomenology 

Since the largest variations in the rr decay are obtained for the smaller values of rriA, a 
relevant constraint on these NP effects could come from experimental bounds on mA. One 
has to consider the variation of these bounds in the light stau scenario with respect to the 
traditional ones coming from {A, H — )■ rr) searches. An important effect comes from the 
fact that for large values of A,-, the heavy neutral Higgs bosons, H and A, have a sizable 
coupling to (rifi), (f2f2) and (rif2) and may therefore decay into final states containing 
staus. Additionally, relevant effects can occur due to the appearance of non-negligible mass 
correction factors: a large positive value of A;,, and a smaller negative value for At-. 

At present, the CMS and ATLAS collaborations are setting bounds on the (m^ — tan/3) 
plane up to pseudo-scalar masses of 800 GeV [HS], using 4.6-4.8 fb^^ of data at 8 TeV. In 
particular for = 800 GeV the bound on tan/3 is at around 50. Both experiments present 
their results for the so called mj^^^ scenario [55], with Msusy = 1 TeV, Xt = 2 Msusy, = 
200 GeV, Mg = 800 GeV, M2 = 200 GeV and Mi fixed by the relation Mi = 5/3M2 tan^ 9. 
Squarks and sleptons are kept at the scale Msusy and therefore do not contribute to the 
heavy Higgs decay width. We need to convert the presented experimental limits to the light 
stau scenario, taking into account the effects outlined above. 

First note that even if the only relevant decays of the heavy Higgs bosons were into 
bb and r+r", the searches for heavy Higgses decaying into r+r" could have a significant 
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dependence on Af,^,-. The reason for this is that the production cross section of A and H at 
hadron coUiders is induced by the couphngs of the heavy Higgs bosons to b, and is therefore 
proportional to 

mgtan/32 ^^^^ 



On the other hand, the branching ratio of the decay into r+r" is proportional to 

BR{H,A^ T+T-) oc 



(13) 



3hl + hi ' 

where the 3 comes from the number of bottom-quark colors and ~ tan (1 + A,-)]. 
In terms of the loop corrections, this can be written as: 



;i+A,)2 



mf 



-1 



(14) 



The heavy Higgs production cross section times the branching ratio of the Higgs decay into 
a pair of r's then becomes proportional to 



a{pp ^ H,A)x BR{H, A^r 



OC 



ml tan^ /3 



, A02 + (1 + Afc) 



(15) 



Therefore for A^ = 0, Af, appears as a subdominant correction. However, for the specific 
parameter regions we are looking at, it can still give corrections of about 15-20%. Further, 
At- negative increases h^- and hence the r+r" decay partial width. This can be seen by 



the fact that a negative A,- reduces the denominator in Eq. (15), and hence both A^^r start 
having a larger impact on the r production cross section. 

If one now includes decays into light staus, the heavy Higgs production rate will not 
change, but, the branching ratio of the decay into r's will be reduced. Ignoring phase space 
factors, the heavy Higgs decay width into staus is proportional to 



j=l,2 



^ fin) ~ 2T{A ^ hf2) oc 

mA 



(16) 



instead of to {h^mA) as happens for the decay into taus. 

Once we include all A^,- corrections as well as the decay into staus, the heavy Higgs 
branching ratio into taus is approximately given by 



BR{H,A^ r+r~) oc 



mt 



;i + A,)2 



+ 



M^±Ml\ (1 + A. 
tan^ (3 



mt 



Al 



m. 



(17) 
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FIG. 5: Left: Branching ratios of the heavy Higgs bosons, H and A. Dashed red Hnes: BR(^ — >■ 
fi'f2), soUd blue hnes: BR(ff — )• fifi), sohd green Hnes: BR(i? — )• f2f2). Right: Total width of the 
heavy Higgs bosons in GeV. Mass of the lightest stau is fixed to 95 GeV and niA = 1 TeV. 

where the term proportional to (M^ + M|) is the approximate contribution from the decay 



into light charginos and neutralinos. Similar to the case with heavy staus, Eq. (14), the 



branching ratio is increased due to negative values of A,- and positive values of A;,. However, 



comparing Eqs. (14) and (17), we see that this increase is partially compensated for by the 



stau decays, quantified by the last term in Eq. (17). Let us stress that Eq. (17) is only valid 



when the stau, chargino and neutralino masses are much smaller than and should be 
modified by the appropriate phase space factors if this is not the case. 

As before, the production cross section is proportional to the product of the branching 
ratio times the bottom Yukawa squared, giving 



aipp {H, A) r^r ) oc 



m? tan^ /3 



3^ + 



:i+A.)2 + (i+A,)2 (i + ^) 



The TT production rate again increases due to negative A,- and decreases due to positive 
Afo. However in addition, there is also a decrease in the rate due to the decays into the light 
staus. 

Let us now compare the r branching ratio in the light stau scenario with the one that 
is obtained for heavy staus and small values of A;, ~ 0.25 and A^ ~ 0, as happens at 
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FIG. 6: Production rate of r^r^ induced by the presence of heavy CP-even and CP-odd scalars, 
with niA — 1 TeV, normaUzed to the rate obtained in the m^^^ scenario used by the CMS collab- 
oration 1851. 



tan /3 ~ 70 in the m™^^ scenario presented by ATLAS and CMS. For Ar = mA = 1 TeV, the 
ratio of the square of the running bottom and tau masses at the scale ttia is approximately 



equal to 2. Therefore, from Eq. (17), for = 0.25, = and setting the A^. term to 
for heavy staus, the branching ratio of the decay of the heavy Higgs bosons into tau leptons 
is ~ 15%. Considering instead a light stau, with ~ 95 GeV and stop masses giving 
a 125 GeV Higgs for mg.^ = niu, = 1 TeV, ma, = 800 GeV, M3 = 1.2 TeV, tan/3 = 70, 
At- ^ —0.15, Ab ~ 0.5, the branching ratio into taus is ~ 20%. Hence we see that in our 
scenario there could be relevant modifications of the heavy Higgs decay branching ratio into 
r pairs. 

Fig. |5] shows the variation of the total width and the branching ratio into staus of the 
heavy CP-odd and CP-even Higgs bosons as a function of rrif^ and Ar- We fix tan /3 = 70, 
TTiL^ = me,_i, Ml = 40 GeV, rriA = 1 TeV and ~ 95 GeV. For a fixed value of rrif^ 
and increasing values of A^-, the figure in the left panel shows the expected increase of the 
decay rate into staus. The right panel shows the corresponding increase in the total width 
with increasing A^- and fixed ruf^, which implies a decrease of the branching ratio of the 
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heavy Higgs decay into r leptons. On the other hand, for a fixed value of A^-, the value of n 
increases with rrif^, which leads to an increase in and a more negative A,-. Since the width 
of the decay into bottom quarks is the dominant one, the total width decreases. However, 
note that negative A,- leads to an increase of the width of the decay into r leptons, and 
hence to an increase of the branching ratio of the decay of the heavy, non-standard Higgs 
bosons into these particles. On the other hand, the production cross section of non-standard 
Higgs bosons is inversely proportional to (1 + A;,)^ and hence there is a compensating effect 



on the total rate of these Higgs bosons decaying into rr, Eq. (18). 



Fig. |6] shows the variation of the production rate of taus as a function of nif^ and A^- 
with respect to the m™'^^ scenario [55] used by ATLAS and CMS [85j. We use the same 
set of parameters as for Fig. [Sj For a fixed value of A,-, as a result of the compensation of 
effects discussed above, only a small variation of the rate of rr production is observed in the 
region of parameter space under analysis. On the other hand, for a given value of ruf^ and 
increasing values of At-, the rr production rate decreases due to an increase of the width 
of the decay into stau. Therefore, only for large values of Aj. can we expect to significantly 
alleviate the experimental constraints on coming from the decay to taus. However, note 
that large values of A^ > 1 TeV lead to problems with vacuum stability in this region of 
parameter space 



V. LIGHT STAUS AND HIGGS SEARCHES 



Light staus remain the distinctive signal of the MSSM scenario considered in this paper. 
In Ref. [5j, we studied the possibility of searching for them in the channel {pp Vrfi — )■ 
Wrf + 2xo) at the LHC using a straight cut and count method. We specifically analyzed 
the final state signature consisting of one lepton, 2 hadronic taus and missing energy. We 
showed that this is a challenging search channel for both the 8 TeV and the 14 TeV runs, 
due to low statistics. 

Here we will briefiy mention another possibility of probing our framework at the LHC. 
We note that the final state mentioned above is the same as the one arising in the Higgs 
search channel {pp — )■ Wh) followed by {h — )■ rr). Therefore, it is interesting to see whether 
any present Higgs searches in this channel already have sensitivity to this new signal. 

Such searches typically require one hadronic tau and one leptonic tau. A common vari- 
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FIG. 7: Visible mass distribution from signal (pp — t- i^tTi — s- ^£r/j + MET). The background 
distribution is taken from [20j and is shown in blue. The red dots denote the CMS data points. 

able used in these analyses ^20j| is the visible mass, namely the invariant mass between the 
subleading light lepton and the hadronic tau. In Fig [7} we present the visible mass distri- 
bution from our signal after imposing the main cuts presented in Ref . [20] , namely > 20 
GeV, > 10 GeV, |r/^^| < 2.3, either, |r/^| < 2.4, or for the case of an electron \ri'^\ < 2.5, 
and Lt > 80GeV, where Lt is defined as the scalar sum of the Et of the lepton candidates. 
Parton level events are generated by MadgraphS [65] and taus are decayed using Tauola [86] . 
We note that the distribution peaks at larger values than both the distribution obtained 
from a Higgs with mass of about 125 GeV and the background distribution. Imposing an 
additional cut, m^^s > 80 GeV, would make the signal and background of the same order of 
magnitude. However, with the present amount of data (5 fb^^ at the 7 TeV LHC and 12 
fb~^ at the 8 TeV LHC) the signal amounts to only ~ 3 events. Therefore, similar to the 
case we analyzed before in Ref. [5], one would need large statistics to claim the observation 
of light staus in these searches. 
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VI. CONCLUSIONS 



The LHC has recently discovered a bosonic resonance, with a mass close to 125 GeV 
and with properties similar to the SM Higgs particle. In this article we identify it with the 
hghtest CP-even Higgs boson of the MSSM for large values of the CP-odd Higgs mass, uia- 
Further, we study the possible modifications of the Higgs properties associated with the 
presence of light stops and light staus in the spectrum. 

The most important effect of light staus is the possible modification of the Higgs diphoton 
decay width. For values of tan ^ and of the stau mass parameters consistent with vacuum 
stability and with perturbativity up to energies of the order of the GUT scale, enhancements 
of the Higgs diphoton branching ratio of up to 50 % with respect to the SM value are possible. 
Somewhat larger values may be obtained if one of these conditions is relaxed. 

Beyond light staus, light stops may also appear in the spectrum. We showed that stops 
lighter than about 200 GeV, while being consistent with a 125 GeV Higgs mass, can change 
the Higgs gluon fusion production rate as well as the Higgs diphoton branching ratio in a 
relevant way. There is a correlation between the NP effects in the Higgs diphoton branching 
ratio and the ones in the gluon fusion production rate: an enhancement in the diphoton 
branching ratio corresponds to a suppression in the Higgs production cross section and vice 
versa. The product of these effects tends to be governed by the behavior of the gluon fusion 
cross section. For instance, additional enhancements of about 30 % of the Higgs diphoton 
branching ratio may be obtained for sufficiently light stops, beyond the value obtained in the 
presence of only light staus. However, in the same region of parameter space where these 
large enhancements take place, the gluon fusion production rate is strongly suppressed, 
leading to an overall suppression of the diphoton production rate in gluon fusion processes. 
As a result, this diphoton production rate may be enhanced by at most an additional 10 % in 
the presence of light stops, but could also be suppressed by even larger amounts. Moreover, 
we showed that a discrepancy between the diphoton production rates from Higgs produced 
in gluon fusion and Higgs produced in weak boson fusion processes, normalized to their SM 
values, may be a clear indication of light stops in the spectrum. 

Light stop masses are highly constrained by both the Tevatron and the LHC experiments. 
Dedicated stop searches show that if the lightest neutralino is lighter than ~ 100 GeV, the 
only stop masses below ~ 250 GeV not in conflict with experiments are those close to the 
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threshold for stop decays into a top and a neutrahno. However, we showed that in the 
presence of hght staus a new decay channel opens up, {i — > fibu), allowing stops to evade 
current experimental bounds in the range 120-140 GeV. 

Further, light staus may induce relevant CP-even Higgs mixing effects. These can lead to 
a modification of the {h — )■ r+r^) decay branching ratio by relevant amounts while inducing 
only a small modification of the dominant {h bb) decay branching ratio. However, the stau 
mass parameters leading to these effects are very strongly constrained by the requirement of 
vacuum stability and perturbativity up to the GUT scale. Imposing these two conditions, 
variations of only a few percent due to NP effects can be obtained for the ratio of BR{h — > bb) 
to BR(/i — )> rf). However, we also show that larger modification can be achieved if we relax 
the vacuum stability or perturbativity constraints. We present such a case as an example 
and show that a suppression of the branching ratio of the Higgs decay into a pair of rs of 
about 20 % may be induced by these mixing effects, while BR{h — > bb) remains SM-hke. 

Relevant Higgs mixing effects are associated with large values of the stau mixing parame- 
ter. At-, and moderate values of m^. Therefore, decays of the heavy Higgs bosons into staus 
may become important. Additionally, in our scenario, sizable threshold corrections to the r 
and bottom masses arise. We showed that both these effects together lead to relevant mod- 
ifications of the width of the heavy Higgs decay into r leptons compared to the ones in the 
j^max scgnapio analyzed by the LHC experiments. This in turn may relax the experimental 
bounds on for large values of tan (3 in the presence of a large stau mixing parameter, A^-. 

Finally, we point out an interesting possibility to test hght staus at the LHC. We stress 
that the final state arising from the associated production of Higgs bosons with W bosons, 
with the Higgs decaying into r leptons, is the same as in the associated production of staus 
with sneutrinos. We therefore consider using existing Higgs searches to put constraints 
on the production of light staus. We conclude that the stau-induced production rates are 
currently too small to put relevant constraints in this scenario. However, these type of 
searches could be useful to probe our scenario in the future. 

In summary, we have shown that, beyond the enhancement of the lightest CP-even Higgs 
diphoton decay rate, the Higgs and supersymmetric particle phenomenology associated with 
light stops and staus in the spectrum is quite rich and may be explored at the LHC in the 
coming years. 
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